(ACCESSION NUMBER) {THRU)
/? / T ey e e e e
f  (PAGES) (cy)
NASA CR OR TMX OR AD NUMBER) (CATEGORY)

NASA CR-54644
GA-6633

D PRICE $

FTI PRICE(S) $ ———

/00

Hard copy (HC) —F——— \

Microfiche (MF) _————-2"’ X ‘ | B s

353 July 65

, PRECRITICAL CALCI’JLATIONS FOR THE
2.9IN, PITCH, TWMR CRI’I‘ICAL ASSEMBLY

(

prepared for ."‘

 Contract SNPG-27

e
GENERAL ATOMIC
DIVISION OF ’
GENERAL DYNAMICS
JOHN JAY HOPKINS LABORATORY FOR PURE AND APPLIED SCIENCE

— —ﬂaeao*soa SAN-DIEGO 12 CALIFORNIA ..

oy ey 7 - < e e TRt e et et e e



NOTICE

This report was prepared.as on account of Government sponsored
work., Neither the United States, nor the National Aeronautics

and Space Administration (NASA), nor any person acting on
behalf of NASA:

A.) Mdkes ony warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contoined in this
report, or that the use of any information, opparotus,
method, or process disclosed in this report may not
infringe privately owned rights; or

B.) Assumes any licbilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method or process disclosed in
this report.

As used above, “person acting en behalf of NASA® includes
any employee or contractor of NASA, or employee of such con.
tractor, to the extent that such employee or contractor of NASA,
or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.

Requests for copies of this report should be
referred to

National Aeronautics and Space Administration
Office of Scientific and Technical Information

Attention: AFSS-A
Washington, D. C. 20546
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I. INTRODUCTION

General Atomic is engaged in a program of research aimed at assist-
ing the Lewis Research Center of the National Aeronautics and Space
Administration in determining the feasibility of an isotopically enriched
tungsten, water mg:ierated reactor for use as a nuclear rocket. General
Atomic's role in this program is to generate accurate and detailed infor-
mation from reactor analysis and basic critical experiments for the
corroboration of the calculated nuclear characteristics of the reactor
concept. In compliance with this program, the first of a series of criti-
cal assemblies has been fabricated and the necessary precritical neutronic
calculations have been performed. This report presents the critical load-

ings and summarizes the precritical calculations for the 2.9 in. pitch core

with water reflectors.

II. DESCRIPTION OF THE 2.9 IN. PITCH CORE

The critical assembly is a hexagonal array of 121 fuel subassemblies.
The lattice pitch is 2.90 inches. The assembly is water moderated and
reflected by 25 cms of interstitial water on the top and bottom, and by an
effectively infinite water reflector on the sides. The fuel subassemblies
are in the form of concentric cylinders axially divided into twenty-one
1-5/8 in. long stages which are separated by 1/8 in. long corrugated
aluminum spacers. A fuel stage consists of five concentric aluminum-
uranium alloy fuel rings wrapped on the inside with 5 mils of natural
tungsten. The outer ring is surrounded by an additional 3 mils of tungsten
and a 40 mil thickness of U238. The fuel alloy consists of approximately

35 wt. percent enriched uranium. The exact dimensions of a fuel stage

are given in Table 7 of Reference 1.

At the midpoint of each triangle formed by the hexagonal array is a
sealed aluminum tube containing a 0. 0474 molar cadmium nitrate solution.
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Each poison tube is 9/16 in. o.d. and 1/2 in. i.d. A detailed description

of the critical assembly is given in the Hazards Analysis.

The total loadings for the 2.9 in. pitch core are given in Table 1.
The average weights of the components in the individual subassemblies as

well as their weight distributions, are given in reference 3.

Table 1
TOTAL CORE LOADING

Nuclide Loading (kg)
Al 544. 099
w 191. 301
U235 95.831
y??8 395. 264
Ni 2.835
Zr 9.801

III. PRECRITICAL CALCULATIONS

The neutronic calculational methods are structured by the heteroge-
neous nature of the core. They have been described in detail in Reference I,
1. A major problem in the analysis is the proper weighting of the cad-
mium cross section for use in the homogeneous eigenvalue calculations.
The method presently in use has been previously described for the 3.0
in. pitch core. This description is included as Appendix A. The entire
set of procedures can be summarized as follows;

1. Thermal and high energy disadvantage factors were obtained for
all the core components except cadmium from a cell transport
calculation. An equivalent Wigner-Seitz cylindrical cell of
radius 3.867 cm. was used in a GAPLSN P}-Sg calculation.? The

ten-group structure of Table 2 was carried throughout these
calculations.
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Table 2
ENERGY GROUP STRUCTURE

Group Bottom Energy Top Energy
1 2.73 MeV 14.9 MeV
2 0.498 MeV 2.73 MeV
3 67.4 keV 0.498 MeV
4 61.4 eV 67.4 keV
5 2.38 eV 61.4 eV
6 0.414 eV 2.38 eV
7 0.090 eV 0.414 eV
8 0.050 eV 0.090 eV
9 0.030 eV 0.050 eV

10 0.0 eV 0.030 eV

Thermal and fast spectra were computed in the GATHER-II 5 and
GAM-II 6 codes respectively, using the disadvantage factors from
the cell calculations. Resonance calculations were performed by
Nordheim's integral method. The presence of interstitial
aluminum was included in the resonance calculation. Collision
probability tables for a cylinder were used with the mean chord
lengths given in Reference 4, and a Dancoff-Ginsburg factor of
0.066. Pointwise microscopic cross sections were averaged
over these spectra to obtain self-shielded cross sections for ten
broad groups.

Thermal disadvantage factors for cadmium were obtained from

a series of cell transport calculations using the GAPLSN code.
An equivalent cell which was centered on the cadmium tube was
chosen. The moderator water and fuel were homogenized into
two annular regions outside the tube. The disadvantage factors
so obtained were corrected group by group for the neglected two-
dimensional aspect of the problem using ratios previously ob-
tained for a 3.0 inch pitch lattice. These ratios are given in
Appendix A. Separate sets of disadvantage factors were obtained
for Cd NOj solutions ranging from 0.0 to 0. 163 molar, and
broad group cross sections were computed for various cadmium
concentrations.



4. The effective multiplication factor was computed using the ten
broad group cross sections obtained in Steps 2 and 3. The final
cadmium concentration was found by a search following a one-
dimensional buckling iteration sequence in the GAZE-II7 code. The
homogenized atom densities and geometric description used in
the GAZE calculations is given in Table 3.

Comparison of experiments and analysis in the 3.0 in. core,
indicate that the calculated excess reactivity for these cores
may be low by about . 02 Ak/k, using the present data and tech-
niques. Pending further investigation of this discrepancy, the
final eigenvalue calculations were converged on a multiplication
factor of 0.9800. On the same basis the predicted key without
cadmium is $6.08.

Table 3

HOMOGENIZED ATOM DENSITIES FOR THE
2.9 IN. PITCH, WATER REFLECTED CORE

Nuclide Atom density (atoms/b-cm)

Core (height = 108. cm, radius = 42.54 cm)

H 1.856 x 1072
(o) 0.928 x 10”2
Al 1.974 x 1072
Ni 4.708 x 107°
Zr 1.052 x 107%
Cd113 (O to 39.43 cm Radius) 1.885 x 10-7
Cd113 (39.43 to 42. 54 cm radius) 0.0

w82 2.695 x 102
wi83 1.470 x 1074
wid4 3.124 x 1072
w86 2.899 x 107
u?3° 3.996 x 1077
y238 1.627 x 107>



Nuclide Atom density (atoms/b-cm)

Side Reflector (42.54 to 57.54 cm radius)

H 6.677 x 107°

o) 3.339 x 1077
Top and Bottom Reflectors (25. cm thick)

H 1.856 x 1072

o} 0.928 x 107>

Al 0.908 x 107>

call? 1.885 x 107"

IV. ESTIMATE OF ACCURACY

Previous experiments in the 3. 0 in. pitch core deviated from the
results of a similar analysis by + 1.9% Ak/k. Although this error has
been compensated for in the present analysis, the cause is, at present,
not understood. Therefore the present calculations have been assigned

an uncertainty of 2. 0% Ak/k.

V. MEASUREMENT OF THE ASYMPTOTIC DECAY CONSTANT

It is expected that some pulsed neutron measurements will be made
on subcritical 2.9 in. pitch cores. The asymptotic decay constant, a,
will be measured as a function of radius with the critical cadmium con-
centration in the poison tubes. The subcritical.cores will be water
reflected. Values of a, calculated by the method of 1/v poison removal,
are shown in Fig. 1. Finally, radial and axial flux distributions in three
energy groups are given in Figs. 2 and 3 for the full size 2.9 in. pitch

core.
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4. 5. Two-Dimensional Effect on Cadmium Thermal DisadvantaE
Factors

Thermal group disadvantage factors for cadmium 113 have been
computed for the 3, 0 inch as-built core for five concentrations of cadmium
in the poison tubes. Previous transport theory ca.lc:ulations5 of these
factors for a core of 3. 156 in. pitch were done with the GAPLSN code using
a cylindrical cell centered around the poison tube. The three fuel elements
surrounding each poison tube and the water in between were homogenized
into annuli of the proper volume. This type of calculation was repeated
for the 3. 0 inch core. In addition, the accuracy of the annular represen-
tation was investigated with two-dimensional diffusion theory GAMBLE
cell calculations which could represent the exact configuration in XY
geometry,

The adequacy of a diffusion theory calculation to determine this
geometric effect was first established by comparing a series of GAZE
diffusion calculations identical in geometry to the GAPLSN transéort cal-
culations for the geometry of Fig. 6-b. Table 5 shows the cadmium dis-
advantage factors obtained from GAZE and GAPLSN for the thermal group
structure of Table 3. Comparison of the disadvantage factors in Table 5
between GAZE diffusion and GAPLSN transport calculations shows that
the diffusion calculations are reasonably representative of the transport
calculations over a wide range of Cd113 concentrations. This might be
expected since the cadmium poison tube solutions have thermal scattering

cross sections several times larger than the thermal absorption cross
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sections. The reasonable agreement led to the use of the GAMBLE
diffusion theory code in an investigation of the two-dimensional effect in a
cell, A symmetric slice of the cell with reflecting boundaries was
represented as shown in Fig. 7. The fuel assembly was homogenized
over the region designated as fuel; otherwise the representation is that
appropriate for a fuel rod and poison tube in a 3. 0 inch pitch lattice.

The disadvantage factors for cadmium resulting from the two-
dimensional GAMBLE diffusion theory cell calculation are compared to
those from the one dimensional GAZE diffusion theory cell calculations
in Table 6. Two concentrations in the region of interest for the
3. 0 inch pitch core were calculated using GAMBLE. The ratio between the
results for each energy group is called the '"geometric factor' and is seen
to be insensitive to the cadmium concentration in this range.

It has been assumed that this geometric factor can be applied as
a multiplicative correction factor to the one dimensional disadvantage
factors obtained from GAPLSN. This assumption can only be checked by
the use of a two-dimensional transport code. The geometric effect does
not appear to be large enough to warrant such a calculation.

An average thermal group disadvantage factor for cadmium may

be defined as Z
;%8

where o, is the cadmium microscopic absorption cross section, . is the
total flux in the GAPLSN cell, g is the group disadvantage factor, and the
summation is over the 5 thermal groups used. (This definition is slightly
different than the ""effectiveness'' defined in a previous Monthly Report,
where an average flux spectrum from the homogenized problem was used
for all concentrations). The average thermal group disadvantage factor

before correction for the geometric factor is plotted in Fig. 8 as a function
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of cadmium concentration. The corrected curve incorporating the geometric

factor is also given, and at present is the best estimate of the ratio between

1
the homogenized - unshielded - and the homogenized - shielded - Cd !

centration in the 3, 0 in. pitch core.

Table 6
CADMIUM DISADVANTAGE FACTORS COMPUTED BY GAZE

AND GAMBLE FOR 5 THERMAL GROUPS

Snimam .06
Group GAZE GAMBLE RATIO
1 1. 062 1. 060 . 9981
2 1.314 1.264 . 9619
3 1.833 1. 662 .9067
4 2.226 1, 991 . 8944
5 2,811 2,531 . 9004

con-
12.0-6
GAZE GAMBLE RATIO
1. 065 1. 062 . 9972
1.245 1.204 .9671
1.706 1.553 .9103
2.060 1. 844 . 8951
2.569 2.308 . 8984
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